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SUMMARY
As a whole, these experiments on the Carrington loam show 
that:
1. The continuous growing of crops decreases the fertility of 
the soil and leads to rapidly declining crop yields.
2. The rotation of crops gives greater profit than the con­
tinued growth of corn.
3. A  three-year rotation of com, oats, and clover is more 
profitable than a two-year rotation of com and oats, or a two- 
year rotation with clover, cowpeas, or rye used as a green manure 
crop.
4. The introduction of clover, cowpeas and rye into a two- 
year rotation increases the crop yields, but it can hardly be con­
sidered profitable except in the case of the clover. The profit is 
less, however, in every case than in the three year rotation.
5. The best amount of manure to apply to this type of soil 
appears to be between 8 and 16 tons per acre, applied once in a 
four-year rotation.
6. Applications of more than 16 tons of manure per acre are 
not profitable.
7. Manure applied in three equal amounts in the first, second, 
and fourth years of the four-year rotation prove of greater value 
on this soil than the same total amount applied once in the rota­
tion.
8. Manure should not be applied to this soil after the com 
crop is up, as very much smaller effects are secured from its use 
than when it is plowed under or disced in after plowing. On 
this soil type the latter method seems to be slightly preferable.
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ROTATION AND MANURE EXPERI­
MENTS ON THE WISCONSIN 
DRIFT SOIL AREA
BY W. H. STEVENSON AND P. E. BROWN
The rotation of crops and the use of manure have frequently 
been shown to be important in maintaining soil fertility. Their 
value is again emphasized by the results of experiments conduct­
ed by the agronomy section of the Iowa Agricultural Experiment 
Station at Ames, on the Carrington loam, the principal soil type 
of the Wisconsin drift area.
These results show clearly that rotation is not only beneficial 
to the soil, but that it brings more profitable yields as well, if the 
rotation be suited to the particular soil. They show, too, that 
the use of manure increases crop yields, but also that it must be 
applied in the right amounts, at the right time and in the right 
way, for some methods of applying are better than others.
Altho these facts are quite generally understood, too often the 
large profit which may be secured from some one crop induces 
farmers to grow that crop continuously on the same soil, regard­
less of the depletion of soil fertility which is bound to follow.' 
Likewise, there is still much waste in the methods used in storing 
manure and applying it to the soil, even tho its great value as one 
of the most important farm products is commonly recognized.
The rotation and manure experiments reported in this bulletin 
were earned out at Ames on plots located on the Carrington 
loam of the main soil type of the Wisconsin drift.1 The results 
secured are specific, therefore, for this particular soil type, and 
they amplify the conclusions presented in a previous report of 
fertility studies on this soil.2 However, the principles involved 
may be applied generally and the teachings of these particular 
experiments may be made to fit quite divers© soil conditions.
The reasons for the effects of continuous cropping and differ­
ent rotations are varied and largely theoretical and they are not 
considered in this bulletin, but actual crop yields are compared 
and the results are quite conclusive.
Unfortunately the land on which the experiment plots were lo-
1 The Wisconsin drift area is found in the north central part of the state and 
covers in whole or in part the counties of Lyon, Osceola, Dickinson, Emmett, Xossuth, 
Winnebago, O’Brien, Clay, Palo Alto, Hancock, Buena Vista, Pocahontas, Humboldt, 
Wright, Sac, Calhoun, Webster, Hamilton, Carroll, Greene, Boone, Story, Marshall, 
Guthrie, Dallas, Polk, Hardin, and Jasper. It is of glacial origin and consists of the 
ma.ss of material finally left behind when the ice disappeared. The Carrington loam is 
a dark brown to black mellow loam, containing a high percentage of organic matter. 
The content of silt, fine sand and sand is sufficiently high to make the soil crumbly 
r^ee r^om an5r tendency to become sticky, even when wet. It covers by far 
the largest part of the Wisconsin drift soil area.
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cated was needed by Iowa State College for other purposes and 
the work here reported was discontinued before it had been car­
ried on as long as desirable. However, the results for the six 
years of the work are valuable. While a longer continuance of 
the experiments might have led to some variations in results, yet 
it is felt that the shorter tests fairly indicate what the results of 
longer tests would have been. Furthermore, they are in accord 
with general farm experience along the same line. More rota­
tion and manure experiments are being conducted now on the 
new agronomy farm, but their results will not be available for 
some years. Moreover, the new experiments are on a different 
type of soil of the Wisconsin drift. Because of this reason, as 
well as for the reason that the results already secured are fairly 
conclusive, the report of the experiments is now presented.
THE ROTATION EXPERIMENTS
The rotation experiments were carried 
out on 13 plots, each XV of an acre in size, 
located on Carrington loam which is rather 
well supplied with plant food and compar­
atively rich in organic matter, making it, 
therefore, an excellent soil on which to test 
the relative effects of continuous cropping 
and of the rotation of crops. The land was 
fairly uniform in topography, the slope be­
ing toward the south, and was well drained. 
The effects of manure on such a soil, if any 
are secured, should also be considered quite 
conclusive.
The plan of the experiments is shown in 
fig. 1. The plots were 2 rods wide by 8 
rods long and were separated by a 6%  foot 
division strip. The entire series was also 
surrounded by a cropped border 6%  feet 
wide.
Rotations were as follows:
Continuous corn.
2- year , rotation, com and oats.
3- year rotation, com, oats, and clover. 
2-year rotation, com and oats, clover
turned under.
2-year rotation, com and oats, eowpeas 
turned under.
2-year rotation, corn and oats, rye turned 
under.
Fig. 1. RotaUonpexperiment, Continuous clover.
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There were as many plots in each group as there were crops, 
three plots in the three-year rotation, two in each of the two- 
year rotations, and one plot each, for the continuous com and 
continuous clover. Thus each crop was grown each year under 
the varying seasonal conditions.
These plots were laid out in 1907 and the first crops were se­
cured in 1908. The experiments were carried on until 1913 when 
the plots were given u p ; hence the results are for six years.
The method of handling the plots was the same as is employed 
in all plot work, the seeding, cultivating, and harvesting being 
done by machinery. All precautions were observed that the plots 
be treated as uniformly as possible to eliminate any possibility 
of questioning the results because of differences in treatment.
Thruout the experiment all the regular crops were removed 
from the land except the com stalks, which were plowed under. 
The crops on the borders and division strips were removed in 
every case before the plots were harvested.
Twice during the six years the clover crop on the three-year 
rotation series of plots failed and cowpeas were sown. The yield 
of this crop was not secured. Hence the average yield for the 
clover in the three-year rotation was secured on the basis of four 
crops rather than six, while the com and oats yields given are 
each the average of six crops. The average yields on the two- 
year rotation plots are all based on six crops. The continuous 
clover plot was not harvested in 1908 so that the average yield 
for that plot is based on five crops rather than six.
The clover turned under in the two-year rotation was seeded 
with oats, while the cowpeas and rye were seeded following the 
oats. In each case, the green manure erop was plowed under in 
the fall preceding the corn. In most cases the growth of the 
crops was satisfactory and a considerable amount of green mate­
rial was thus turned under. Much larger amounts of green mat­
ter were added to the soil in the case of the rye, however, than 
with the clover or cowpeas.
The average, yields and their value and the total value of the 
average yields of the various crops for the six-year period are 
recorded in table I. In making these calculations the corn was 
figured at 45 cents per bushel, the oats at 35 cents per bushel, 
and the clover at $8.00 per ton. The total value of the average 
yields was determined on the basis of six crops on the continuous 
plots, three crops each of com and of oats on the two-year rota­
tion plots, and two crops each of corn, oats, and clover on the 
three-year rotation plots.
THE RESULTS
Considering the results given in the table, the average yield of 
corn on the continuous com plot was very much less than on any
5
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TABLE I. AVERAGE YIELDS AND TOTAL VALUE OF AVERAGE 
YIELDS OF CROPS IN  VARIOUS ROTATIONS FOR 
SIX YEARS (1908-1913)
Total
Value
Treatment Corn Value Oats Value Clover Value All Av-
Bu. $ Bu. * Tons $ erage
Crops
40.32 108.84 108.84
2-Year Rotation —  Corn and
55.75 75.24 51.51 54.06 129.30
3-Year Rotation —  Corn, Oats
64. 57.82 65.14 45.58 2.97 47.52 150.92
2-Year Rotation -— Corn and 
Oats, Clover turned under. . 
2-Year Rotation —  Corn and
66.55 89.82 54.58 57.30 147.12
Oats, Cowpeas turned under 
2-Year Rotation —  Corn and
55.18 74.49 54.81 57.54 132.03
Oats, Rye turned under. . . . 54.59 73.68 55.38 58.14 131.82
1.69 81.12 81.12
of the rotation plots. The largest yield of corn was given by the 
two-year rotation with clover turned under, while that in the 
three-year rotation was only slightly smaller. The average yields 
of com under the other rotations were practically identical.
Examining the results for oats, it is found that the smallest 
average yield was secured in the unmodified two-year rotation 
and the yield in the three-year rotation was greater by about 
14 bushels. The yields of oats on the modified two-year rotation 
plots were practically the same, being all slightly larger than 
those on the unmodified two-year rotation plots but considerably 
less than that on the three-year rotation plots.
The clover yield on the three-year rotation plots was consider­
ably larger than that on the continuous clover plot. No one crop 
on the continuous clover plot was as large as the average yield in 
the three-year rotation.
The total value of all average crops in the various rotations 
for the six-year period, as given in the last column of table I, 
shows that the crops secured in the three-year rotation of com, 
oats, and clover were of more value than those in any of the other 
rotations. The continuous com and the continuous clover plots 
gave a much smaller value than any of the rotation plots and the 
use of clover, cowpeas, or rye in the tWo-year rotation increased 
the value of the crops of com and of oats to a considerable ex­
tent in the case of the clover and slightly with the other crops. 
These total values of the crops are shown graphically in fig. 2.
It is apparent from these results that the continuous growing 
of corn or of clover is much less profitable than the use of rota­
tions, and that a three-year rotation of corn, oats, and clover is 
much more valuable than a two-year rotation of com and oats. 
This is true even altho it is commonly believed that corn is the 
money crop and should be grown as often as possible on the land.
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Continuous 8  Year 3  Year 2  Year ¿Y ear 2 Y rar Continuous
Conn Rotation Rotation Rotation Rotation Rotation Cfoi/er
*I08 .B + . Corn and Ctefc. Coro, Co*}. Com and Com and CornandOds. 481.12.
^/CC.30 an d  Ciouar Oars. Cto- Oats. Cbw~ Rye tu rn - 
*fSO. 02  vef turned peos turn- ed  under
under. etd undo* & /318Z  
$ t47.12 *132.03.
Fig . 2. The columns show the total average value of yields of crops in 
various rotations, six years, 1908 to 1918
Also, the introduction of green manure crops into the two- 
year rotation increases the value of the crops grown over the un­
modified rotation, the clover showing a considerable effect, while 
the cowpeas and the rye give only a very slight effect. Just why 
this should he the case is difficult to determine. It may be due 
to a greater amount of nitrogen being supplied to the soil in the 
clover crop, but in that ease it would be expected that the cow- 
peas would be quite as valuable as the clover. It may be due, of 
course, to some other factor about which we know little at the 
present time; such, for instance, as the chemical composition of 
the crop used. The lower yields of com in the two-year rotation 
with rye turned under than where the clover or cowpeas were 
used may he attributed partly to the fact that the crops of rye 
were so much larger in every case and that turning this under in 
the soil affected moisture conditions undesirably, and partly to 
the fact that no nitrogen was added to the soil in this crop.
Considering the cost of seeding these crops in the two-year 
rotation, it is clear that the use of the cowpeas or the rye would 
be unprofitable. In the case of the clover however, its use in the 
rotation brought about a large enough increase in crops to make it 
profitable. In general, the use of such green manure crops in the 
two-year rotation should be considered as unprofitable and the 
employment of a three-year rotation or some other rotation con­
taining clover as a regular crop should be regarded as preferable.
These results as a whole serve to emphasize the fact that the
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continuous growing of corn not only leads to a depletion in the 
fertility of the soil but also is less profitable than the use of rota­
tions. They prove, also, the fallacy of the idea that com should 
be grown as often as possible on the soil, for the three-year rota­
tion is found more profitable than the two-year rotation. Fur­
thermore, the tests show that it is better to grow clover regularly 
in the rotation than to introduce it as a green manure.
It must be emphasized here again that these results represent 
only six years of work and hence should not be interpreted too 
broadly. Longer continued tests might have modified the results 
somewhat, but the greater value of a rotation over continuous 
cropping is clearly shown and the greater value of a three over 
a two-year rotation also appears definitely.
THE EXPERIMENTS W ITH MANURE
The manure experiments were planned to study the effects of 
using various amounts of manure and to determine the best 
methods of application, whether the full amount should be ap­
plied at one time in the four-year rotation, or divided into three 
equal applications; and also whether the manure in one applica­
tion should be applied before plowing and plowed in, disced in 
after plowing, or cultivated in after the com crop is up.
THE AMOUNT OF MANURE TO APPLY
The experiment to study the amount of manure to apply was 
carried out on 20' plots, 1/10 acre in size, and 2 rods wide by 8 
rods long; the division strips were 6:1/2 feet wide and a cropped 
border 6%  feet wide extended around the plots. The topography 
of the area was quite uniform and the drainage adequate.
The treatments followed in the experiment were as follows s
Check.
8 tons of manure per acre.
12 tons of manure per acre.
16 tons of manure per acre.
20 tons of manure per acre.
The plan of the experiment is shown in fig. 3. There were 
four series of plots each under the above treatments and they 
were cropped to a four-year rotation of com, corn, oats, and 
clover. Thus each year every crop of the rotation was repre­
sented on one series of plots.
The experiment was begun in 1907, the manure being applied 
to one series of the plots (904-908) in the fall of that year pre­
ceding the first com crop of the rotation. The yields for that 
series of plots were secured, therefore, for five years, or until 
1913. On the second series (909-913), the manure was applied 
in the fall of 1908 on the clover crop and the yields on that series
8
Bulletin, Vol. 14 [1914], No. 167, Art. 1
http://lib.dr.iastate.edu/bulletin/vol14/iss167/1
469
9/3. 20 Tons
Manure
9/2. / 6 Tons .
Mar/ure.
19//. /2 Ion s
Manure
9/0 6 Tons
Manure.
909. Ûheûk
900. 2 0  Tons
M anure
907 /6 Tons
Manure.
1013. 20 Tons 
Manure.
10/2. 16 Tons
Manure.
/OH. /2 Tons
Manure.
/O/O. Ô 7ons
Manure.
/009. Skaok
JOOd. 2 0  Jons
Manure.
/007. /ff Tons
Manure.
were obtained for 
only four years. On 
the third series of 
plots (1004-1008), 
the manure was ap­
plied in the fall of 
1910 on the clover 
and hence yields for 
only two years were 
secured. On the 
fourth series of plots 
(1009-1013), the ap­
plication of manure 
occurred in the fall 
of 1909 and three 
years’ results were 
obtained in that case.
The average yields 
for the corn and oats 
crops were figured 
from the yields secur­
ed on the four series 
of plots, following the 
application of manure
F ig . 3. Manure experiment, 4 year rotation, 1-10 acre plots has been point­
ed out, for five, four,
three, and two years. The total average, therefore, for the corn 
is based on nine crops and that for the oats on three crops.
The clover in the second series of plots was a failure in 1912 
and the yield was not secured, and in the third and fourth series 
the clover crop in the rotation was not reached and hence the 
yield in 1911 on the first series of plots was the only one avail­
able. The clover yields, therefore, cannot be included in the re­
sults of the tests.
906 /2  Tons
Manure.
90S
9
Q Tons
Manure.
\904- S/pea/r. 6£,
-/32-
1006. /2 Tons 
Manure.
1005. 6 Tons
M anure.
!004: Okeck.
-/S2-
£
The average yields of com and oats and the increases for the 
application of manure over the untreated soils were calculated 
and the results appear in table II.
The manure increased the yields* both of the eom and of the 
oats. In the case of the com,, the 12 ton application gave the 
largest increase and the 16 ton amount showed a slightly smaller 
gain. When the 20 tons of manure were applied, however, the 
increase in yield was very much less than with the other applica- 
tons. Evidently, the best effects from the use of manure may be 
secured on this soil by the application of between 12 and 16 tons 
per acre. Just why the 20 ton amount should give a lower yield 
than the smaller applications can hardly be determined. It 
may be due to the larger amount of organic matter supplied,
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TABLE II. AVERAGE YIELDS OF CORN AND OATS ON FOUR 
SERIES OF PLOTS IN  A  FOUR YEAR ROTATION i —  MANURE 
APPLIED ONCE IN  ROTATION —  FIVE YEARS 2 — 1908-1912
Treatment CornBu.
Increase
Bu.
Oats
Bu.
Increase
Bu.
63.46 66.83
8 tons Manure............................................ 71.46 8.00 70.80 4.03
12 tons Manure.......................................... 72.26 8.80 71.00 4.17
16 tons Manure.......................................... 72.01 8.55 74.21 7.38
20 tons Manure......................................... 69.50 6.04 71.21 4.38
1 Clover yields not secured.
2 Average yield secured on all four series of- plots only following application of 
manure thus:
Series A (904-908)— 1908-1912 —  5 years.
Series B (909-913)— 1909-1912 —  4 years.
Series C (1004-1008)— 1911-1912 —  2 years.
Series D (1009-1013)— 1910-1912 —  3 years.
to the development of acid conditions in the soil, or to other fac­
tors not determinable.
When the oats yields are examined it is found that the 16 ton 
amount of manure gave the largest increase in yield, the other 
amounts showing smaller gains which are not very different for 
the various applications. -The 20 ton application again gave a 
lower yield than the 16 ton amount, but the increase over the 
check was greater than that secured with the 8 or 12 ton applica­
tions. This is the direct opposite of the results obtained in the 
case of the corn. It seems here that the best amount of manure 
to apply was somewhere between 12 and 20 tons per acre, and 
hence the results check fairly satisfactorily those secured with 
com. In that case the best effect appears to be secured between 
12 and 16 tons and it is quite possible that the same is true in the 
case of the oats.
The effect of the manure was less pronounced on the oats than 
on the com, about 8 bushels increase being secured with the lat­
ter crop and only 4 to 7 bushels with the former.
The results with the oats and the com are shown graphically 
in fig. 4.
In general these results show that it is inadvisable to apply a 
very large amount of manure to the Carrington loam. From 8 
to 16 tons per acre seems to be the best amount. Adding more 
than this reduced considerably the yield of com and to a less 
extent also the yield of oats. In neither case, however, was the 
reduction sufficient to make the yields less than those of the un­
treated soils. Larger applications of manure might reduce the 
yields still further and in such a case the applications might 
actually prove injurious. It is apparent, therefore, that in the 
use of manure on this soil it should not be assumed that if a little 
is good a large amount would be better.
In ordinary farm practice the manure produced is usually 
sufficient to meet the needs of the soil so that it is hardly likely 
that, too large an amount would be applied, but it is well to em-
10
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Corn Oafs
a fleek  8  Tons 12 7ons 16 Tons 20 Tons 
63.48 Bu Manure Manure Manure Manure 
71.46Bu- 7246Bu 72aBu. 660OBu.
a/teef< O Tans !2 Tons ISTons 20Tons 
66.83Bu. Manure Manure Manure Manure 
7080Bu. 7IOOBu. 74.2/Bu. 71-21 du.
Fig. 4. The columns show the average yields of corn and oats in the manure experi­
ment, 5 years, 1908 to 1912
phasize the fact that manure should be distributed as uniformly 
as possible over the farm and not applied largely to one part on 
the assumption that such an application will prove profitable.
Of course this work dealt only with ordinary farm crops and 
the conclusions should he considered applicable only under gen­
eral farming conditions. Where market gardening or truck 
farming is practiced, much larger applications of manure may be 
made with safety. This is due to the fact that such systems of 
farming are usually followed on rather light soils, poor in or­
ganic matter, and also to the fact that truck crops frequently re­
quire some forcing and the manure stimulates their growth.
Under ordinary farming conditions., however, there is evident­
ly little value attached to the use of very large amounts of 
manure and there is danger of an actual injury being brought 
about if excessive quantities are used.
THE TIME IN  THE ROTATION TO APPLY MANURE
This experiment was carried out on 8 plots 1/10 acre in size 
on land rather uniform in topography and well drained. The 
plan of the experiment is shown in fig. 5. The plots were 2 
rods wide by 8 rods long and were separated by 6%  foot division 
strips as usual. They were also surrounded by a cropped border 
6V2 feet in width.
Four plots were treated with manure at the rate of 9' tons per 
acre once in the four-year rotation of corn, com, oats, and clover. 
The other four plots received applications of 3 tons of manure in 
the first, second, and fourth years of the four-year rotation. 
Thus, the manure was applied in the latter case on each of the
11
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703. O Tons Manure 
One# /n four /ta rs
7 0 7  3  Ions Manure 
O nes vn four years
7 0 0  sOTbns Manure 
Ones /n four years
705.O Tons Manure 
Onae in four years
704 3  Tons M anure 
l% 2 ¥  and 4 $  yrs.
7 0 3 .3 Ions ManureiffijafPs lP  yrs
703.3 Tons Manure 19,2400*4 4#/™.
T  !701.3 Tons M anure ^ y9Jzq0and4tfiyrj.
One manuring vs. three 
in 4 years, 1-10 acre plots
corn crops and on the clover. On the 
plots receiving the 9 ton amount once in 
the rotation, the application was made in 
different years, to plot 705 in 1910, to 
706 in 1908, to 707 in 1908, and to 708 
in 1909.
The experiment was begun in 1908 and 
continued until 1913, hence six yields 
were secured on some of the plots. The 
yields were not taken on any of the plots 
until after the manure had been applied, 
so that there is some variation in the 
number of crops averaged in from the 
various plots. The yields on plots 701 
and 702 were secured for six years, for 
703 for five years, and for 704 for four 
years. For plot 705 the yield for only 
three years was obtained, for 706 for fig . 5. 
six years, for 707 for five years, and for 
708 for four years.. According to the plan of the experiment, 
there were provided four plots under each treatment so that each 
crop of the four-year rotation was represented each season and 
hence variations in crops due to seasonal influences were very 
largely eliminated.
The average yields of corn, oats, and clover under the two 
methods of treatment have been calculated and the results appear 
in table III.
The average yield of com in the case of the three applications 
of manure in, the rotation is based on 12 crops secured in the six 
years and in the case of the one application it is based on 11 
crops obtained in the six years and so the results1 should be quite 
comparable. The average oats yields are based on five crops and 
on four crops respectively for the three applications and the 
single application so that here too comparisons should he satis­
factory. In the case of the clover crop there were so many fail­
ures to secure a stand of the clover, in which ease cowpeas were 
grown and the yields not recorded, that only two crops have been 
averaged for each treatment. The results with the clover should 
not he considered of much weight, hut they are included as they 
apparently bear out the results secured with the corn and oats.
Examining the results given in table III it appears that the 
application of the manure in three proportionate amounts in the 
first, second, and fourth years of the rotation gave a larger yield 
of com, of oats, and of clover than the application of the same 
total amount once in the four years. The differences were not 
large, but in the ease of the corn there was an increase of about
12
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TABLE III. AVERAGE YIELDS \ OF CORN, OATS AND CLOVER IN  
FOUR YEAR ROTATION W ITH  MANURE APPLIED IN  
DIFFERENT W A YS — SIX  YEARS —  1908-1913
Treatment CornBu.
Oats
Bu.
Clover
Tons
Manure applied at rate of 3 T. per acre, 1st, 2nd 
and 4th years of rotation.......................................... 67.03 57.18 2.32 2
Manure applied at rate of 9 T. per acre once in 
R otation ........................ .............................................. 64.60 55.80 2.19 3
1 Average yields secured on all series of plots following application of manure thus:
Plot 701 —  1908-1913 —  6 years.
702 —  1908-1913 —  6 years.
703 —  1909-1913 —  5 years.
704 —  1910-1913— 4 years.
705 —  1911-1913 —  3 years.
706 —  1908-1913 —  6 years.
707 —  1909-1913 —  5 years.
708 —  1910-1913 —  4 years.
2 Only two clover crops secured in entire series —v  the crop failed several times.
3 Only two clover crops secured in entire series.
2y2 bushels per acre for the three applications over the one, and 
with the oats the increase amounted to about 1% bushels per 
acre. Fig1. 6 shows the relative yields of com, oats, and clover.
It is apparent from these results that on the Carrington loam, 
in order to secure larger crops, it is advisable to apply manure 
three times in equal amounts during the four-year rotation 
rather than to make only one application every four years, even 
altho the same amounts be applied in both cases in the four-year 
period. It is probable that this better effect of the three applica­
tions over the one is due to the fact that the bacterial processes
tbrr? Oats Cr/ouer
Manure Manure 
<3 Tons /tJ  9  Tons. Owe.and Sd.fiOBu. 4- Yevrs 
C 703B u .
Manure M anure 
3TonSjlV a  Tons 
<49 Years. Onae 
37.10 Bu. 35-OOBu.
Manure Maf,ure 
3 Tone ff Tone
Onee. ZJ9 Tona 
Years: 2.3B Tons.
Fig. 6. The columns show the average yields of crops in 4 year rotation, man re ap 
plied in various ways, 6 years; 1908 to 1913
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in the soil and the physical condition of the soil are kept more 
nearly at the best by several small additions of manure. The 
beneficial effects of manure are known to be due mainly to the 
improved physical conditions in the soil and to the increased 
transformation of insoluble plant food into available form 
through bacterial agency. Manure introduces large numbers of 
bacteria into the soil and also increases the activity of organisms 
already present, thus causing the production df a larger amount 
of available plant food. It appears that the smaller applications 
of manure are sufficient to encourage an adequate production of 
available plant food and when the same total amount of manure 
is added in one application, the production of soluble plant food 
is not encouraged to so large an extent, or at least the increased 
action does not persist for the four years of the rotation, or until 
the next application of manure is made.
It is quite possible that these results are applicable only to 
the Carrington loam, for as has been mentioned, this soil is rather 
rich in plant food and also in organic matter and the conditions 
in other soils might be so different that the heavy application of 
manure once in the rotation would prove preferable.
THE APPLICATION OF MANURE IN  VARIOUS W A YS
A  test was also made of the relative value of different methods 
of applying manure to the soil. Thirteen plots were laid out, 
1/20 of an acre in size, 2 rods wide by 4 rods long, separated by 
division strips 6% feet wide and surrounded by a cropped border 
6% feet in width as usual. The plan of the experiment is given 
in fig. 7. There were three series of plots and four plots in each 
series. A  three-year rotation of com, oats, and clover was fol­
lowed on the plots. Thus there was provided each year one 
series of plots including all the treatments studied under each 
crop of the rotation. There was an extra check plot which is 
averaged with the others, making a total of four check plots.
The manure was applied at the rate of 6 tons per acre once in 
the rotation and the methods of application were as follows:
Check.
Manure plowed under.
Manure disced in after plowing.
Manure cultivated in after com was up.
The experiment was begun in 1908 and the manure was ap­
plied to one series of plots (801-804) in that year. The second 
series (805-808) received the application of manure in 1909 and 
the third series (809-813) in 1910. In 1912 the experiment was 
discontinued and there are therefore provided crop yields for 
five years on the first series, for four years on the second series, 
and for three years on the third series of plots.
The average yields of com, of oats and of clover and the in-
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653  Check.
812. Surface 
Application.
dJL Disced 
in .
BIO. Plowed 
under.
809. ChpcM.
808.Surface
Application.
007.
D isced in.
809. Plow­
ed  under.
805. (/heck.
804. Surface 
Application.
803.
Disced in .
802. Plow­
e d  under.
. 1
80/. Check. 
^ -—66'—*-,
Fig. 7. Manuring 
in various ways, 8 
year rotation, 1-20 
acre plots
creases for the various manure treatments over 
the untreated plots are recorded in table IV. 
The average * yields of com are based on five 
crops, those for oats on four crops and the clover 
yields are those secured on one series of plots in 
1911. In all other cases the clover was a failure 
and the cowpeas were grown and the yields of 
this crop were not secured. Little significance 
can be attached to the clover yields, therefore, 
but they are included as they check quite satis­
factorily the results obtained with the corn and 
oats crops.
Examining the average results given in table 
IV, it appears that the use of manure, however 
it was applied, increased considerably the yields 
of com, of oats, and of clover. The greatest in­
crease in every case was brought about by disc­
ing in the manure after plowing. The difference 
was not much larger, however, than that shown 
when the manure was plowed under. When the 
manure was cultivated in after the com was up 
the increase in yield was very much smaller than 
when the application was made in any other 
way. This was the case with the com, the oats 
and the clover. The average yields of the three 
crops are shown in fig. 8.
It is evident from these results that the man­
ure applied to this soil gave the greatest effect 
when disced in after plowing, an effect slightly 
larger than that secured when the manure was 
plowed under. When the manure was cultivated 
in after the corn crop was up, the value for the
TABLE IV. AVERAGE YIELDS 1 OF CROPS IN  THREE YEAR RO­
TATIONS —  MANURE APPLIED IN  VARIOUS W A YS ONCE 
IN  THREE YEARS — FIVE YEARS —  1908-1912
Treatment
Corn
Bu.
Increase
Bu.
Oats
Bu.
Increase
Bu.
Clover2
Tons
Increase
Tons
57.16 60.54 2.43
6 T. Manure plowed under. . . 
6 T. Manure disced in after
63.53 6.37 65.62 5.08 2.84 0.41
plowing ...................................
6 T. Manure cultivated in after
64.29 7.13 65.89 5.35 2.90 0.47
corn n p ................................... 60.20 3.06 61.56 1.02 2.76 0.33
1. Clover yield secured only on one series of plots (805-808) in 1911. In all 
other years the clover was a failure.
2. Average yields secured for corn and oats on all three series of plots following 
applications of manure thus:
Series A (801-804) — 1908-1912 —  5 years.
Series B (805-808) — 1909-1912 —  4 years.
Series C (809-813) — 1910-1912 —  3 years.
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C orn O ats £/oi/&/~
C/teak 0  Tons 0 Tons 6 Torts 
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un d er. h f. in a fre r 
2 6 4  Tons 2.90Tons. Corn up.
2.70 Torts.
Fig, 8. The columns show the average yield of crops in 3 year rotation, manure applied 
in various ways, 5 years, 1908 to 1912
application is shown very definitely to be very ranch reduced.
It might be expected that the cultivation in of manure after 
growth of the com had started would be of less value than to 
plow or disc it under, for by the latter methods time is allowed 
for some decomposition of the manure, and the best effects may 
thereby be secured. When it is cultivated in, the decomposi­
tion processes are considerably delayed and while some effects are 
secured on the later growth of the crop, the early growth is not 
influenced and hence the complete effect of the application is 
less pronounced.
Jnst why discing in the manure should prove of more value 
than plowing it under is rather difficult to determine. It is 
probable, however, that greater effects on the decomposition pro­
cesses are brought about near the surface by the discing method 
and hence the influence on the young plants is greater. In some 
instances the effects on the moisture conditions1 would be of im­
portance but they could hardly be considered so in the case of 
this soil. On other soils, it is quite possible that plowing under 
the manure would be more valuable. This method is the one 
which is recommended for most soils under general farming con­
ditions as in that way the manure is incorporated with a larger 
amount of soil and the decomposition processes in the soil are 
more generally encouraged to the benefit of the crop at all stages 
of growth. Then too the maximum effects on the physical con­
ditions of the soil are secured.
In a general way it may be concluded from these experiments 
that manure should not be applied to this soil and cultivated in 
after the corn is np. The best method is to plow it under or to 
disc it in after the land is plowed.
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